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1. A solid-state imaging device provided with a 
photoreceptor for performing photoelectric conversion, and a 
light-shield film disposed -so as to not cover a light- 
receiving surface of the photoreceptor, the solid-state 
imaging device being characterized by: 

a transparent lens layer made of a first transparent 
material having a concave lens with the concavity facing the 
opposite side relative to the light-receiving surface and 
covering the light-receiving surface of the photoreceptor; 
and 

a flattened transparent layer, at least the uppermost 
surface of which is flattened, and which is made of a second 
transparent material having a higher refractive index than 
the first transparent material, is superimposed over and in 
contact with the transparent lens layer. 

2. A method for manufacturing a solid-state imaging 
device provided with a photoreceptor for performing 
photoelectric conversion, and a light-shield film disposed 
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so as to not cover the light— receiving surface of the 
photoreceptor, the method being characterized by the steps 
of: 

forming a first transparent material layer made of a 
first transparent material covering the light-shield film 
and the light-receiving surface of the photoreceptor ; 

forming a. resist layer on the first transparent 
material layer, and forming channels in the resist layer 
near the position directly over the margin of the light- 
receiving surface; 

softening and melting the resist layer through heating; 

forming a first flattened layer on the softened and 
melted resist layer; • 

performing etching using an* etching agent having a 
higher etching rate for the resist layer than for first 
flattened layer, and removing the first flattened layer and 
resist layer to expose the first transparent material layer; 
and 

forming on the exposed first transparent layer a second 
flattened layer made of a second. transparent material having 
a higher refractive index than the first transparent 
material. 

[DETAILED DESCRIPTION OF THE INVENTION] 

[0001] [FIELD OF THE INVENTION] The present invention 
"relates to a solid-state imaging device using a charge- 
coupled element (CCD) - 

[0002] [RELATED ART] Since there are regions which are 
unaffected by photoelectric conversion/ such as a transfer 
register and the like, present in each pixel in this' 
conventional type of solid-state imaging device, the 
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aperture efficiency of the light-receiving surface of the 
photoreceptor over the entire pixel surface is normally 
below 50%, and the incidence light utilization factor is 
inadequate and unsatisfactory. To eliminate this 
dissatisfaction and improve sensitivity, consideration has 
been given to, for example, increasing the proportion of the 
light-receiving surface over the entire pixel surface; 
however, since increasing the proportion of the light- 
receiving surface is structurally limited, in recent years a 
convex micro lens has been provided on the light-receiving 
surface; the proposed solid-state imaging device has a so- 
called on-chip micro lens so as to concentrate and 
effectively condense the incidence light on the light- 
receiving surface, and thereby increase the effective 
aperture efficiency. 

(0003] Fig. 6 is a side cross section view showing an 
example of a conventional solid-state imaging device using 
the aforesaid convex micro lens. In Fig. 6, reference number 
1 refers to a solid-state imaging device, and reference 
number 2 refers to semiconductor substrate. Formed on the 
surface of the semiconductor substrate 2 are a photoreceptor 
3 for performing photoelectric conversion, transfer register 
4, and channel stop 5, and on that surface a thin insulating 
film 6 is further provided. Furthermore, upon the insulating 
film 6 arc formed a transfer electrode 7 for driving the 
transfer register 4, and finally a light-shield film 8 which 
covers the transfer electrode 7 so as to block light from 
impinging the transfer electrode 7 and transfer register 4. 
The light-shield film 8 formed over the insulating film 6 is 
formed so as to not cover the light-receiving surface 3a of 
the photoreceptor 3. 
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[0004] Then/ a convex micro lens 9, which is made of 
transparent resin or the like, is formed on top of the unit 
pixels consisting of the previously described structural 
elements. When formed/ the micro lens 9 is arranged so as to 
focus on the light-receiving surface 3a of the photoreceptor 
3; when light enters, the solid-state imaging device 1 with 
this structure gathers the incidence light to the light- 
receiving surface 3a by means of the condensing effect of 
the micro lens 9, so as to thereby effectively increase the 
effective aperture efficiency. 

[0005] [PROBLEMS THAT THE INVENTION IS TO SOLVE] In the 
solid-state imaging device 1, the top side of the micro lens 
9 must be covered by air or a low refractive index layer 10 
made of material having a refractive index sufficiently 
lower than that of the material of the micro lens -9 in order 
to provide the micro lens 9. with a condensing effect . 
Accordingly, a so-called hollow package structure in which 
air is sandwiched between a chip and seal member is ideal 
for use as a package structure. However, since this hollow 
package structure has a high assembly cost compared to the 
typical molded package structure used as a semiconductor 
device, reducing this cost is very desirable. 

[0006] Since the condition of having a low refractive 
index is added to the performance factors determined by the - 
molding material, including transparency, moisture 
resistance, and strength when employing the molded package 
structure, the selection of the molding resin material is 
very severely restricted, and in fact no such suitable 
material has been found. In view of this information, an 
object of the present invention is to provide a solid-state 
imaging device and its manufacturing method in which the 
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device has a micro lens structure capable of employing a 
molded package structure without employing a hollow package 
structure. 

[0007] [MEANS FOR SOLVING THE PROBLEMS] The solid-state 
imaging device of the present invention resolves the 
previously described problems by providing a transparent 
lens layer made of a first transparent material having a 
concave lens with the concavity facing the opposite side 
relative to the light-receiving surface and covering the 
light-receiving surface of the photoreceptor f and a 
flattened transparent layer, at least the uppermost surface 
of which is flattened and which is made of a second 
transparent material having a higher refractive index than 
the first transparent material, is superimposed over and in 
contact with the transparent lens layer. 

[00081 Since this solid-state imaging device provides a 
transparent lens layer having a concave lens with the 
concavity facing the opposite side relative to the light- 
receiving surface, and provides flattened transparent layer, 
which is made of a transparent material having a higher 
refractive index than the material of the transparent lens 
layer, superimposed over and in contact with the transparent 
lens layer, if the transparent lens layer is formed 
beforehand such that the focal point of the concave lens is 
on the light-receiving surface by means of the difference in 
the refractive indices of the transparent flattened layer 
and the transparent lens layer, then the device has a high 
effective aperture efficiency similar- to that of the 
conventional device. Furthermore, since the outermost layer 
which is the transparent flattened layer is formed of. a- 
material having a high refractive index, well-known 



transparent resins and the like, for example, can be used as 
this material, ■ and since there is increased freedom in 
selecting the material and the hollow package' structure is 
unnecessary, the assembly cost can be reduced. Moreover, 
molding resins can be directly used as the- material for 
forming the transparent flattened layer, in which case the 
assembly cost can be reduced even further. 

[0009] The method of manufacturing the solid-state 
imaging device of the present invention resolves the 
previously mentioned problems by providing a process of 
forming a first transparent material layer made of a first 
transparent material covering the light-shield film and the 
light-receiving surface of the photoreceptor; a process of 
forming a resist layer on the first transparent material 
layer, and forming channels in the resist layer near the 
position directly over the margin of the light-receiving 
surface; a process of softening melting the resist layer by 
heating; a process of forming a first flattened layer on the 
softened and melted resist layer; a process of etching using 
an etching agent having a higher etching rate for the resist 
layer than for first flattened layer, and removing the first 
flattened layer and resist layer to expose the first 
transparent material layer; and a process of forming on and 
in contact with the exposed first transparent layer a second 
flattened layer made of a second transparent material having 
a higher refractive index than the first transparent 
material. 

[0010] Since the method of manufacturing the solid- 
state imaging device of the present invention provides that 
a first transparent material layer is formed on the light- 
receiving surface, and a resist layer is formed on the fir3t 
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transparent material layer, and channels are formed in the 
resist layer near the position directly over the margin of 
the light-receiving surface, and the resist layer is 
subsequently softened and melted by heating, the resist 
layer has reduced surface tension on the channel side, and 
increased surface tension at positions a* distance from the 
channels, such that a convex curve is formed. Then, since 
the first flattened layer is formed over the resist layer 
and etched using an etching agent which has a higher etching 
rate relative to the resist layer than the first flattened 
layer, the etching speed increases after the first flattened 
layer has been etched at the positioned at which the resist 
layer is provided. 

. [0011] Therefore, when the etching of the first 
flattened layer is completed at the locations where the 
resist layer is not provided, the etching of the resist 
layer has previously ended at locations' where the resist 
layer was provided, such that thereafter etching progresses 
to the first transparent material layer. This time etching 
at the first transparent material layer progresses in 
accordance with the thickness of the resist layer, that is, 
faster at locations where the resist layer is thick and 
slower at locations where the resist layer is thin; 
accordingly, when etching ends, a shape which is the reverse 
of the resist layer before softening and melting, that is, a 
concave curve, is formed in the first transparent material 
layer. Then, since a second flattened layer, which is made 
of a second transparent material having a higher refractive 
index than the first transparent material, is formed over 
and in contact with the first transparent material layer 
after the concave curve has been formed in 'the first 
transparent material layer, and a solid-state imaging device 



is obtained in which the concave curve part becomes a 
concave lens over which is formed a transparent flattened 
layer made of a transparent material. 

[0012] [EMBODIMENTS OF THE INVENTION] The present 
invention is described in detail below by way of 
embodiments. Fig. 1 shows an example of a 'first embodiment 
of the solid-state imaging device of the present invention, 
and reference number 11 in Fig. 1 refers to solid-state 
imaging device. This solid-state imaging device 11 differs 
from the solid-state imaging device 1 shown in Fig. 6 in 
that it has a micro lens structure formed on the insulating 
layer 6 and light-shield film 8. That is, in the solid-state 
imaging device 11 shown in Fig. 1, a transparent lens layer 
12 is formed on the insulating layer 6 which covers the 
light-receiving surface 3a of. the photoreceptor 3, .and a 
transparent flattened layer 13 is formed on the transparent 
lens layer 12 . 

[0013] Since the transparent lens layer 12 made of e 
material (first transparent material) such as a transparent 
f luororesin such as CYTOP (commercial name; manufactured by 
Asahi Glass Co., Ltd.), or the like, a transparent acrylic 
resin adjust to lower the refractive index and the like, it 
has a refractive index of approximately 1.2-1.4. 
Furthermore, many concave lenses 12a are formed on the top 
surface of the transparent lens 12, that is, the surface on 
the opposite side from the light-receiving surface 3a, such 
that the concavities of the concave lenses 12a face the 
opposite side relative to the light-receiving surface 3a. 
Since these concave lenses 12a are respectively formed in' 
one-to-one correspondence with each unit pixel of the solid- 
state imaging device 1, the focal points of these concave 
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lenses 12a are focused on the. light-receiving .surface 3a of 
the photoreceptor 3 at the same unit pixel as described 
later* 

[0014] Since the transparent flattened layer 13 is' made 
of a material (second transparent material) such as 
transparent epoxy resin, or transparent acrylic resin, or 
transparent silicon resin or the like which as a relatively 
high refractive index, the refractive index of the layer 13 
can be adjusted to approximately 1.5-1:7. The transparent 
flattened layer 13 is formed in direct contact with the top 
surface of the transparent lens layer 12; accordingly, the 
concave lenses 12a can gather light entering from the top of 
the transparent flattened layer 13 at one location without 
the dispersion indicated by the arrow in Fig. 1, by means of 
the difference in the refractive indices between the top 
side flight entering side) and the bottom side (light 
exiting side), that is, by increasing the refractive index 
of the transparent flattened layer 13 on the side from which 
the light enters, and decreasing the refractive index of the 
transparent lens layer 12 on the' side from which light 
exits, 

[0015] An embodiment of the method of manufacturing the 
solid-state imaging device of the present invention is 
described below based on the method of manufacturing the 
solid-state imaging device 11 having the previously 
described structure. First, as shown in Fig, 2 (a) , 
structural elements including the photoreceptor 3, transfer 
register 4, channel stop 5 are formed on a semiconductor 
substrate 2in the same manner as in the .conventional art by 
photo resist, ion implantation and the like; then, 
superimposed on these are an insulating film 6, transfer 
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electrode 7 , and light-shield film 8 formed in the same 
manner as in the conventional art by photo resist, ion 
implantation, thermal oxidation, deposition and the like. 
Next, a first transparent material layer 14 made of a first 
transparent material is formed to cover the insulating film 
6 and light-shield film 8- Transparent fluororesins, 
transparent acrylic resins and the* like having a refractive 
index of approximately 1,2-1.4, as previously described, may 
be used as. the first transparent material. When the first 
transparent material layer 14 is formed, the top surface is 
flattened by well-known conventional means. 

[0016] Next, a resist layer is formed on top of the 
first transparent material layer 14 - The resist for forming 
the resist layer is not specifically limited and usable 
examples include well-known resists such as polymethyl 
methacrylate (PMMA). and the like. The formed resist layer is 
subjected to patterning by well-known optical . . 
exposure/developing art, so as to form channels 16 near the 
position directly above the margin of the light-receiving 
surface 3a, as shown in Fig. 2(c). Then, the obtained resist 
pattern 15 of the resist. layer is heated to soften and melt 
the resist pattern 15. Although this heating process will 
differ depending on the type of resist used, process will, 
for example, maintain <a temperature of approximately 150 C C 
for several minutes when polymethyl methacrylate is used. 
When this heating process is performed, the resist pattern 
becomes a resist pattern 15a having a convex curve on top as 
shown in Fig. 2(d) as a result of the reduction in surface 
tension on the channels 16 side and increase in. surface 
tension at positions a distance from the channels 16. 

[0017] Next, a layer made of a resist material, for 
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example, novolak resin and the like, is formed over on the 
softened and melted resist layer "15a, then a first flattened 
layer 17 is formed thereon so as to. flatten the surface of 
the layer by a well-known flattening art, as shown in Fig- 
2(e). Then, the first flattened layer 17, that is the 
material of the first flattened layer 17, is subjected to 
etching using an etching agent which has a higher etching 
rate relative to. the resist layer (resist 15a), so as to 
remove the resist layer 15a and the first flattened layer 17 
and expose the first transparent material layer 14, as shown 
in Fig- 2(f). 

[0018] When etching is performed in this manner, the 
etching speed increases after the first flattened layer 17 
has been etched at the position where the resist 15a is 
formed by the difference in the etching rate of the etching 
agent; relative to the first flattened layer 17 and the 
resist 15a. Then, when etching of the first flattened layer 
17 ends at positions where the resist 15a is not formed, 
etching progresses to the underlying * first transparent 
material layer 14 after etching of the resist 15a has 
already ended at placed where the resist 15a ids formed by 
means of the difference in the etching speeds at locations 
where the resist 15a is formed and locations where the 
resist 15a is not formed. This time, etching of the first 
transparent material layer 14 progresses in proportion with 
the thickness of the resist layer 15a, that is, faster at 
locations where the resist layer 15a thin than location 
where the resist layer 15a is thick; accordingly, when 
etching of the first transparent material layer 14 ends, a 
surface is formed which has the reverse shape of the 
softened and melted resist 15a r that is, the surface forms a 
concave lens 12a which has a concave curve on top. Regarding 
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the formation of the surface of the concave lens 12.a, 
suitable transparent materials; resist, type. of etching 
agent, and resist heating conditions are determined 
beforehand through experimentation, such that the focal 
point of the concave lens 12 can be positioned on the light-, 
receiving surface 3a. 

[0019] Thereafter, a layer made of a second transparent 
material is formed. in direct contact with the top surface of 
the exposed first transparent material layer 14 , that is, on 
the surface that forms the surface of the concave lens 12a, 
and a transparent flattened layer (second flattened layer) 
13 shown in Fig. 1 is formed by flattening the obtained 
layer using well-known conventional flattening art to obtain 
a solid-state imaging device 1- Resins having a refractive 
index which is sufficiently higher that that of the 4 first 
transparent resin, specifically, 1.5-1.7 or higher, for 
example, the previously mentioned transparent epoxy resin/ 
transparent acrylic resin, and transparent resin and the 
like, may be used as the second transparent material. 

[0020] Since the solid-state imaging device obtained in 
this manner is provided with a transparent lens layer with a 
concave lens 12a, and a transparent flattened layer 13 in 
contact with layer 12, and is formed such that the focal 
point of the concave lens 12a is on the light-receiving 
surface 3a as indicated by the arrow in Fig. 1 by means of 
the difference in the refractive indices of the transparent 
flattened layer 13 and transparent lens layer 12, the device 
has a high effective aperture efficiency similar to that of 
the conventional device. 

[0021] In the method of manufacturing the solid-state 
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imaging device of the present invention, there is greater 
freedom in the selection of materials because well-known 
conventional transparent resins and the like can be used as 
the materials (second .transparent material) which have a 
high refractive index for forming the outermost layer of the 
transparent flattened layer 13. 

[0022] c Fig. 3 shows a modification of the solid-state ' 
imaging, device of the present invention; reference number 20 
in Fig. 3 refers to. a solid-state imaging device • The solid- 
state imaging device 20 differs from the solid-state 4-maging 
device 1 shown in Fig. 1 in that a transparent molding resin 
layer 21 is added to the solid-state imaging device 1 shown 
in Fig. 1. That is, in the solid-state imaging device 20 
shown in Fig. 3, a transparent molding resin layer 21 is 
provided on the transparent flattened layer 13, to obtain a 
molded package structure. To obtain the solid-state imaging 
device 20 , the solid-state imaging device 11 shown in Fig.- 1 
is sealed by a transparent molding resin using well-known 
mold sealing art in addition to the processes shown in Figs . 
2(a) through 2(f), so as to obtain a molded package 
structure- 

[0023] Since the outermost layer which is the 
transparent flattened layer 13 is made, of a material (second 
transparent material) having a high refractive index in the 
solid-state imaging device 20 having the aforesaid 
structure, even when a transparent molding resin, such as, 
for example, transparent epoxy resin and the like, having a 
refractive index identical to that of the' transparent 
flattened layer 13 is formed on the transparent flattened 
layer 13, the concave lens 12 suffers.no loss of lens 
functionality, and the effective aperture efficiency is 
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•accordingly increases in a typical molded package structure, 
which can be used as a molded package structure which is 
inexpensive to assemble, 

[0024] Although a transparent molding resin layer 21 is 
formed on the transparent flattened layer 13 as a molded 
"package structure in the above embodiment, instead of the 
transparent flattened layer 13 r a functionality identical to 
. that of the transparent flattened layer 13 can be obtained 
by forming a .transparent molding resin layer in direct 
contact on the transparent lens layer 12 using a transparent 
resin potting seal or the like, and flattening the top 
surface (surface on the light-receiving surface 3a side) of 
the transparent molding resin layer. In this case, the 
assembling cost can be reduced by using the direct molding 
rfesin seal and omitting the process of forming the 
transparent flattened layer . 13. 

[0025] Fig. 4 shows an example of the formation of a 
transparent molding resin layer directly on the transparent 
lens layer 12 as an alternative to the transparent flattened 
layer 13; Reference number 40 in Fig. 4 refers to a solid- 
state imaging device, and reference number 41 refers to a 
CCD chip in which the transparent flattened layer 13 is 
omitted from the solid-state imaging device 11 of Fig. 1. 
The CCD chip 41 has a transparent lens layer 12 formed on. 
its surface, . and over which is formed a transparent molding 
resin layer 42 directly on and covering the transparent lens 
layer 12, and over this transparent molding resin layer 42 
is formed transparent ' flat plate 43 made of transparent ' 
glass or transparent plastic lid so as to cover the top 
surface. A TAB lead 46 is further connected to an -electrode 
44 formed on the surface of the CCD chip 41 through a gold 
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bump 45. The electrode 44, gold bump 4 5, and connector of the 
TAB lead 4 6 are sealed with the transparent molding resin 
42, and covered in that condition by the transparent flat 
plate 43. 

[00.26] Since, when manufacturing the solid-state 
imaging device 40 having the above structure, the process of 
forming the transparent flattened layer 13. is omitted as 
previously explained, and direct molding resin seal is used, 
the assembly coat is reduced, and surface flattening of the 
transparent molding resin layer 42 is readily accomplished 
by providing the. transparent flat plate 43 thereon, the 
assembly cost is reduced even further. 

■* 

[0027] Fig. 5 shows a second embodiment of the solid- 
state imaging device of the present invention; reference 
number. 30 in Fig. 5 refers to. a solid-state imaging device. 
The solid-state imaging device 30 differs from the solid- - 
state imaging device 11 of Fig. 1 in that a passivation film 
31 and color filter film 32 are provided between the 
insulating film 6, light-shield film 8, and transparent lens 
layer 12. That is, in the solid-state imaging device 30 
shown in Fig. 4, a passivation film 31 .is formed which 
covers the insulating film 6 and light-shield film 8, and a 
color filter film 32is provided on .the passivation film 31, 
over which is formed the transparent lens, layer 12. 
Accordingly, since the solid-state imaging device 30 having 
this structure selectively receives only a specific 
wavelength range of the incidence light which can then be 
photoelectrically converted, it can be used for a color 
display by using, for example, three types of color filter 
films corresponding to -red, blue; and green wavelength 
ranges as the color filter film 32. 
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[0028] [EFFECT OF THE INVENTION J The previously 
described solid-state imaging device of the present 
invention provides a transparent lens layer having a concave 
lens with the concavity facing the opposite side relative to 
the light-receiving surface, and provides flattened . 
transparent layer, which is made of a transparent material 
having a. higher refractive index than the material of the 
transparent lens layer, superimposed over and in contact 
with the transparent lens layer, if the transparent lens 
layer is formed beforehand such that the focal point of the 
concave lens is on the light-receiving surface by means of 
the difference in the refractive indices of the transparent 
flattened layer and the transparent lens layer , then the 
device has a high effecbive aperture efficiency similar to 
that of the conventional device. Furthermore, since the 
outermost transparent flattened layer is formed of a 
material having a high refractive index, well-known 
conventional transparent resins can be sued as the material, 
for example, thereby providing greater freedom in material 
selection. Moreover, since the light condensing 
effectiveness of the lens is not affected by the sealing 
method, and since a molded package structure can be used 
rather than using a hollow package structure, assembly costs 
can be reduced compared to the conventional art. 

[0029] Assembly costs can be further reduced because a 
transparent molding resin can be used directly as the 
material forming the transparent flattened layer. In 
addition, dicing or dust generated during the assembly 
process can be easily eliminated since the surface is 
flattened by providing the transparent flattened layer, 
thereby facilitating ease of manufacture. The method of 
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manufacturing the solid-state imaging device of the present 
invention greatly improves production efficiency by 
producing a solid-state imaging device having superior 
effectiveness. 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

Fig. 1 is a side cross section view schematically 
showing the structure of a first embodiment of the solid- 
state imaging device of the present invention; 

Figs. 2(a) to 2(f) are side cross section views 
sequentially showing the procedures for .manufacturing the 
solid-state imaging device of the present invention; 

Fig. 3 is a side cross section view schematically 
showing the structure of a modification of the solid-state 
imaging device shown in Fig. i; 

Fig, 4 is a side cross section view schematically 
showing the structure of another modification of the solid- 
state imaging device shown in Fig. 1; 

Fig. 5 is a side cross section view schematically 
showing the structure of a second embodiment of the solid- 
state imaging device of the present invention; and 

Fig. 6 is a side cross section view schematically 
showing the structure of a conventional solid-state imaging 
device. 

[Key to Reference Numbers] 
3) Photoreceptor 
3a) Light-receiving surface 
8) Light-shield film 

11, 20, 30, 40) Solid-state imaging device 

12) Transparent lens layer 
12a) Concave- lens 

13) Transparent flattened layer (second flattened 
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layer) 

14) First transparent material layer 

15) Resist pattern 
15a) Resist 

16) Channel 

17) First flattened layer 

41) CCD chip 

42) Transparent mold resin layer 

43) Transparent flat plate 



18 



<6) 



#W¥9 -27608 



3 «?feSff 3 a £*15 8 

11, 2 0, 3 0. 4 0 B<*Ji«£K 12 &<W* 



10 



1 3 «8;|¥ig<t» (K=0¥*I 



12a EJU>X 

14 »-<JW»W**l4B 15 h/i*-> 

15a Ui?Z)>. . 
16 M 17 SB-<0^<i<t» 4 1 CCD? 

4 2 aHW-A KtMJipW 4 3 »<»¥:»tHfc 



can m 




sum \ 



[H2I 



Surk^ L UtPHrt' 1( .I)(« ft f^ lit EmUA.**r»-f 




^ 1 C IT^ -tg >>W 



13a 




1 id> 




1r* Fk+Kne* U 



T 



X«MOI«l IB 



IBS} rr ^ 




<7> 

Fkt^PMg^ ^40 lr>^,^ Dt*(c* 




1 



f • 4i ccd^7 (jlX> OK'rD 



^9-27 608 



(S6I 




(t9>B#@4$!Wr (JP) 



ok m ^ « (a) 



ttggipg- 27608 

(43)&fflB ^9^0997) 1^283 



(51) IntQ. 6 

H 0 1 L 27/14 
G 0 2 B 3/00 

H0 1L 27/148 
H 0 4 N 5/335 



■one* ffft&w&^ 



F I 

H0 1L 27/14 

G 0 2 B 3/00 

H0 4N 5/335 

H0 1L 27/14 



D 
A 
V 
B 



*1&R m*M<D&2 OL 7 K) 





«H¥8- 116196 


(71)ttiUA 


000002185 










(22) aw a 


¥fi£8*p(1996)5mOB 




JlOfCfBfiJIIKrt.BJIieTB 7 #35^ 






(72)SS9I# 






4$H¥7- 112790 




««l?»)llK4tiaJII6TB7#35# yr: 


(32)«5fcB 


¥7 0995)5^110 




-tfe££ttl*l 


(33)«teM^BH 


B# (JP) 


a2mmm 


IRS tfte 








^dP.B;ilK4tiB;il6TB7S35# V- 














(72)fBWg 


(Uf IBS 








jss:iSift;ii§c4fca;ii 6 Tg 7 #35^ v- 














(74)«SA 





(54) [&IH©*;i*] S^SMft^Bt-eoSKS*^ 



(57) [gift] 

«*B3 a *« 5 C i tt < KW 6tifc«*K 8 i 
fcBtHMMiKl ^#ffi3 affloTCtii 

K*t©fflKcKI<h&4Gau:>Xl 2a4WLfcf-0Si 

my-iBitzti-ctx&wBFw-imtm 1 3*«ggiju>XH 1 

1 ©RjS^ffi. 




Bmxm 



3o ^3 Sft» 

8- It ft {*«>«« 4ft KB 



■5i§9iu>xji£is:w. 

mMwis>zm±.ic> mMEm—<Dmmun<t:K>is^mifr 

±ffi*s^ig{ t s tixtz zmm^-m tm zwnzmw u > x 
ibks o xwtut ft c t zmmt -r sHf*»#$ig. 

itui a«K©§#ffifc «»: cH££M*a -o r ju-oawtt 

B?f2U^X HB*fl]«iL"CWt • igfiStt&Ifii. 
IWt • aiiBS-ttfcu^;* FJl±KSfi-©¥*B*bl£JfcfS; 

x ,^ > b . fria^-©^ffl{tB*j <fc o'Huia u- y x b 

[0001] 

i&wom-rztmftm *»»». nmssm^ <c 
cd) mzm^xtj;z®mm$i&t*<r>mmt>micM 

[0002] 

[«£*©««] «e*. c<Dm<Dmimmmm-ca. &m 

5 o Vovxr i u o . AMft(ommm&-\-ft-c 

©ssarsj±*3i^-rsfcjf), ^i^i«iii^M^«:k:A«&^ 
S*M©f 9^£ilS < -r •*> 1 (, w C i A £ *i . 
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[0 00 3] i6ttC©<t^&i!]|Iv-f^aU>X4ffl 

$6{c^-©^S(c«»t^#)K6*5ff^§nrci-5,„ $ 
io x ^ 4 ^©*©A*f <- tcsbmmwfa 7 &m r>xm 

n/cil^M 8 « . BuiaS^SP 3 ©§3fcffl 3a?:S^Ci 
& < J&JiSSftfc *>© i ft o-Ct^. 
[0 004] Cft&&MfiE£X#>6tt&*ttH 

9#s. i^cci^A^orcitc^snrt,^,, c©W:? 

U U >X 9 «. Buia^SB 3 ©g^ffi 3 a ^©HUS £ 

-rs<fc J 5{cjf^Eg§n?c&©-c&o. c©«fe^&«^ 

20 ^ASfr-Si. v^^PU>X9©ai^m{cj;o-CA 

mytz%:%m3 atcsie*. c^jcio -&©-€• ©uss&rap 

[0 00 5] 

tctb, m U > X 9 ©±fflijtc 3 1, u > X 9 © 
tm «fc 0 -BWB«r**«ffit »«Wj9> ft SffiBBf mm 1 0 

30 I^Stf^f »-^«jf*lffiffli&S. <tC^^, C© 
;U F ^ 9 - V> ffi&K. tt^Kt- ^ffl^Air 3 X h ^rgf 
[0 00 6] -7?. F^9y-y*Jt*SfflL.fc 

^»?>n-stt«6cc$ e.(cffimT^©^ft*ijjn*D^fc«f), 
(cfro. n^c»^©«^<bLr®a:^4>©*imo/c-B- 

mzmzt tta < . f^ 9 tr-vmm&nm-rz 

[0 007 ] 

*> ^ rca t a: 4 on u > w l fc*— ©awtm* h a 
so feo. ^< i4>*©s±ffi*^±i{b§nr^s^¥ 
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[0008] c<DmftMmmmcj:tiix, gitwicML 
HK.mvximwi' >xn©tm «t 9 s^ss?*©^ 

>X»*JBJiSLT*5W«. ^©fe©<t|E0«K*3»glJP 10 
W4i LT^&ft©j§IE8Jli§^£8H>S c tttaimt 

[0 009] g/c. 2(E|feK©H»««SS©S!)i*«-C 20 

i^x hB©, «rfBS3l6ffi©Si»©iiJbfilfflEittfiS{c«4^ 
(ST^IHi, BUlBUfX hB£»Dtl&LT$Mb • ftffikS 
ttilfii. Ucffc • IfflKSttfcUS';* hB±«:||l— ©¥■ 

iifbB^j&irsifii, tem-©¥ffiitB«:*tL-rj; 
Owrtau^x hB&c*fL,TA-#ftx^>^u- h£W 
«x^>y^i^ti7?>yu mMsm— ©¥• 
SfbBteJcoiiutaL/iJx f-Ji^^*or0usB^-©jlBj 3 o 
t*f4B£SSffi3-t*£Ifl<!:. SStttLfcm-©j§BJ?tmB 

im? zmr. vmrnmifr h & s j&-©¥*nt>f 

■TSIfli. *«^.fcC<!:*H«ga^gi©W^©;<!:L 

[0010] Sfc. C©@&Jt{££Sg©S?3g:«£(<:J;*i 
«. *61H±«c»— ©^tm»*JBliSU C©±(Cb 

hmzBf&L-cmi'i'z hB©. m^^momm 

ii/rwt -SH!3-as©-c. iguyxhBtt. *©g? 40 
mmMc&->xmummxfc< , ia»#>e>itftfc&B-c 

uyxh±(ci^-©¥S{kJi*^fiSL.. mm-<D^mit 

i'u - hit t^i ^ ? >^ffli>rx j 
©-c. us>x n*itW6nfcfiirii, IS— ©¥ilfb 
b#x ^ > ^ s n ©x v vm&im * & . 

[0 0 1 1 ] <fco-C. Ui?^ YmtfiWLVth*\X^U\,*m 

uyx h@^iSW6nrc^SiB'f-c{*^-c{c hB so 
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©x ?*>y£j&7U -e©T©^— ©SW^*f4B©x 

v?->y«:jiA-ct>s„ c©£^. m— (Dmrnttmrnx 

H©»C^m-C«cfcf3il<3ltf or*sf). LtcWiXm 

-(DmwMnmiaz, s.v*syimjhict%. tirsa 

$Mb • ftttftous?;* hB£jI©iM#> TtttofcifcBO 
IH©»lft3l^**-<o»W*m»{CJI5fiSLfca. s^- 

©aiawttsicc. ctucssuTSWESf— oawtmj: 
fc> wnB©@»aMS^g**»^n*. 

[0012] 

[^w©hjs©^] «r. Xftrnzmmmmtc «t 

PL < »wr S. 0 1 l**«WOH»fWM6B©*-* 

i«K««*svriar* o . a 1 1 1 imwmmm 

mx&Z. COiTOMSl l*5H6tC7nL/c@^ 

±CC^$tifcv^^PU>X©^ig(cS>^„ -Tft*5 
fe, 01iCiLfcI«:)liggl 1TB. ^*SR3©S 
*ffi3a«Sorjfii»)g6©±(C2|BJU>XBl 2 *5jf^ 

[0 0 13] jSB^u>XB1 2B, CYTOP (t§ a a B 

< ussnfcr ^ Kjmmmn* zotm (»-©» 

WWW) a>6&Sfc©-C. ^(DMIfrmfrl. 2-1. 4 
ggOtO-C45. S/c. C©slKU>XBl 2KB, 
•e©±ffi, tftt>§»H03 a tS»©iOBK, 83 
^;B3 a £S>tt©ffliJfcr^*^-ClHl£ft &IH U>X 1 2 a 
&&&Bf$,ZtlXl<>?>. Cft6IHU>X12a-(i, * 

S^a53©^7feffi3 a±iC-^t>^titch(Dttj:-z>X^ 

So 

[0014] ^Bj^fflftn i3B, mmm&t&mi&K 

©awtt») «>©r, i . 5- 

i. 7ga«:pisisn?tfe©-e*-5. c©^bj^ 
m<tm i 3 «, b«ibsbju>x)i i 2 ©ideates c 

rjfM3tx/c4>©<!;ft^-C*J0. L/c^-prBufBG!]U> 
X \ 2 a«. *©±fflij (56AJ»«) iTfflJ (^ffl*fffll) 
<t©®*T^©^(cO;«3. -rftfc>^^A*fffliJr*S2B^5p. 
SfbUi 3©arjMHJff*#*< . TfeffiMffliJ'C^.SMBju 
>X)11 2©^*iS*f^fi^C£(C<fc<3. aw^fi^b 
H 1 SOi^e.A^Lfc*?:^ 1 ^En-C^TJ: 5«C# 
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*r. H2 (a) cc^-r^st, *mwm 

«2CC§3fc9$3. IE2iU5x*£4 % ft*Mh^5 
^CD^tH^S^^, -f*>JT5i&#* 

MUR6* 3£i£1I@7, St£JK8£, 7#H^*K -Y 
»LfcJ:9WB»T*#l. 2-1. AWS&v v33H& 

coar— cDawwsii i 4o&mc*>fL-ox\t* 
»io*ffiK:cl:or*©±ffl«:¥fllfbor*5< . 

[0016] #i>-c\ coim—omwttnm i 4cd_lcc 
u^x h besets, us** \*m*ftm-r*>tczb<Dis 

-**Jkrf**yU-h (PMMA) tt£SE3R&»©fc<D 

#ttfljpj«r*s. »rtbfcu^h«*4i*D 20 

( c ) fcjjW <fc ^^S?IBS*ffi3 a©H«©it±fiiaBS 

yy * * y h *jB^fc»^K:tttt l 5 0 vx 

h^dr->W, *©affi»*«:J:-3rBJIB8ll 6WJ 
Tffi<, S£9tl §frhmtitc®MXM<te*). *§m<fcU 30 
ti2 (d) Cc*-rJ:5tt:±(cCiift*}»«u|gtt©uy 
X h 1 5 a i&S. 

[0017] ^cc»r, *tft -imstfrftsi/s^h i 

£6KCCDBcDa®£&*ocD¥ifi{k 
S«fc:j;9¥*IffcLTig2 (e) «:^-r<t ^ cc»— o^p 
SfUil 7*j^£*r*. Hot. c©»— ©TfflffcJBi 
7CC»Lr, -r3Q:t>fttt»-HD¥Sft»l 7 
CC*tOTJ:0. BulBl^X HB (U^X M5a) ic*t 
lt<fc9^%x^>^i/-h*wnx^>^ 40 

2(f) rcsvr j: 5 kh}bb»— ©¥*§f kB i i *s&im 

fEU^X h 1 5 a*Bfc*U «B*— ©aij!*mjl 1 4 
[0018] CCDJ:^ &i^^>y*tT^i, ffll^cx 

* ?>?ffl<D. m— <D¥-mitm i 7 1 u^x f 1 5 a t 
ystifca*ox^^>^jss^is*s e fit, ccd 

<£5fc:u^X b 1 5 a3WBfiR3*ifcaiBfiJI5J«S*irc» 50 
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us?x h i 5 a*jBflssnTc»ac>«Bfr»— <d¥ 

SftBl 7<DXy^>y*i»TUyti*CC6i, U^X h 

i 5 a^Bssnrt^fiSfrtt-r-rKiftu^ h i 5 

aCDx ? *>y«*T *©T©»— <Da^*t»4B 1 
4©:n*^>^{CjtA/rC»S. £CD<b£, ©aSBW 
I4B1 4rOi??>^B t U^X h 1 5 aCDJS sec« 

atkWL/T. -r&*>%u^x h i 5 afiw^mmxtzj: 

0»<ittfL, US^x h 1 5 a©JBi»ffl»rr«J:Oa< 

atf urfco, L^oti- <Daw*t*4B 1 4cc«, 

M 5a ta©JB« h rat>%±(C|H<Di«ftJK«-C*4 
IM]U>X1 2a©i«^^ 8 CCDDflU>X 
1 2 aOffiOJBfiE«:oc>r«, ^afrHS^ft: cfcot^S 

2aOi^*5*I3 a±K:ffiBT*J:5«:Lr*s<. 

[0019] ©awtma 1 4© 

a±, rtt*>%Dau>xi 2 a commas titcmm± 

lc % ChCC»UTW-(DaW»»*>6«C*B*««b, 

$ 6^f#6n/cB^fi£*^»i(D^s{ke^r¥a{kuT 

Hltc^LfcaW^fifkB (mro^ififbB) 1 3^ 

j«u wtggi^^o mr.<ommmt lx 

WSB»-HDa«W»J:9+»eci»(r»ffl«f*. Jltttt 
fcttl. 5-1. 7*-5l*«CtiJ£Ui(D®*f**Wr* 
to^ffll^h. m^&LfcJ:5lc:c#*^aw 

«BB*y * y^xanwn. $ eccttawtt^y 
[0020] c©J:9Ccu-r»6tifcH»»«««i«: 

*ottt, [MJU>Xl 2 a*Wl/fca9JU>XB 1 2 

Cti(c«^*a9B¥fflfkBl 3i^i, aw* 
fkBl 3<b^u>XBl 2<omVrm<Dmc<t:~yX]tm 

J:5CcS3feffi3 aCC^5J:5(c^34ir^S(Dt?, fit 
*cd fe CD i tcsmnnvOTtr > *> © i «c * . 
[002 1 ]*^ C CDJ: 5 ttHtHft^Sa 1 cDMS^ 

CD«f4<b L/rfK3l^»©aW»»l9*ffll^*Ci*S'C 
cnK:J:0^cDWf4aii^cDg*g^A^<'r^c<h 

[ 0 0 2 2 ] ^ 3 «#A«oa»«»%BO3e0M«^ 

■rsr^o, H3ccte^rWF#2 0ttHi*»«««r* 
ccD@tta^S2o^snc^u/cS(«gfi^a 
i i<ta&*ic%tt, HiccinL^Hfta^ai 1 
km*.* a98*--rt/F«aiB2 i*an*^cc*4. -r 

H3CC^LfcH*»««a2 0-Ctt, SW¥ifi 

{kB i 3<D±tca0j*-^ mnm2 c 

COJ:5ttH*Wi»Ka2 0*»SCCtt % 02 (a) - 
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(f ) (CTnl/fclfiKteR. &*o©*-;u \rM±$m< l c 

.t^tii icmouMtmnmm 1 1 ^mm**-* f 

[0 02 3] C© < fc^«©i«:aM12 0 iC*o 
■CB. Bfl-Bi&saWPSftBl 3JMB*r*«!>«(r>t* 

14 <*-©agj*m> ftr(,»-s©T\ m« 

Vim<Dmw*->i> vm^mmmtm i 3 <D±t,cnm 

LXbWUyXl 2 a©U>X®fig£^&*> 10 

h ©st> * - ;i/ F x v T - s?*jft*SUH-j- SCiAi-ct 

[0 024]&te, mrt^Ute^SSWI-ct*. aQOTtltbB 
1 3©±CCjgBBfc*--;UKt»BgJi2 1 ZBtiLLX*:-* 

*-jUF^HIil€:it«aH^u>Xgl 2©±k:«Jfi£U 
BaW*-* F«JiJiO±n (S*H3aPJ©ffi) 20 

aftLrBEaw*-^ KWflgH^sirffiaw^ffi^bJi 1 3 

&ISI«K«IB3l*TfeJ:t». C©«£. aOTdBttftl 
3©JgJ«Xa*«IS0re«*-* F«HBt*JbWf;lS 

s. 

[ OO 2 5 ] H4tt. aW^SfbB 1 3 ICft^T. a?B 
F WISH £ff SBR t/>Xil2©± CC&JS L fc 
JM*W*S*-riS-c*»). B44M9#4 0»BfHMKH 
B. 4 IBS 1 K^LfcHtt«««B 1 1 *>6aeB¥ffl 
Itin^tftSCCD^-^t^. CCDf^ 30 
:/4 1 K«» *©^B{C0figSnfcai8U>XB 1 2© 

±* o raw* -Ji/ khmrb 4 2 n. a 

6CCC©aW*--»V F«BIB4 2±CCtt, -e©Jrffl£?a 

^•caw^^x^si^waw^^^^-y 5"j f*>£& 

7' 4 1K(I. -5-©*ffi«C0(£3ft;fcBffi4 4CC^<>:/ 
4 5 ^LtT AB 'J - P 4 6 Cft 
e.l@4 4, i^4 5, TABU-F4 6©^35 
tt. WE3M!*-;UF«aill4 2{cS±3n. #>o-€-©tfc 
Si'CBuiBaW¥«S4 3cc<i:- 3 -cs*Dnrc^. 40 
[0 02 6] C©<fc 5 &t» j£©B#«fciSK 4 0 CC* 

aW*-JUF^iB4 2©^H^ffl{t?r. 
Ctl©±KaW¥ifl«4 3 fcRWSC itC J: r>Tsg»K: 
tT^-Sfc*, J:")— Bffl^fiTsi^FOfiiS^k**** 

[ 0 0 2 7 ] 0 5 »*^w©@(*»«iiB©m-ie5s^ 

S^«r^ia-C*0, 05K*$l»tff3 0ktllt#g{& 50 
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SSBT-&S. C(0l^»Mg3 0*50 1 iC^UfcHft 
8iaWU>XJf 1 2 i©FltCA. r >'<-i'3>I3 

6*s£Vm?tm 8 Zm-iX'* v ->a>i3 1 *^ 

fr$mz2.ffi8Mh*\. 3 6«:c©±tcawu>xji i 

2#Jfcj&3*ifcl£3&£&o-CC>.S„ LfcAiot^ C©J: 
5 fcfltlj!c©Hf*»#8g 3 0Kftottt, AS**© 5 % 

2ilTi. ^©^gffiH«:>PtE£;L//c=S©fc©«r 

[002 8] 

[^w©^] Jw±iJiWL/fcct^(c^Bj©af*a^ 

g«. ^EK*tu-c^©s^©ffli)K:(S]Aior[a<t^s 
Bau>x^WL/cawu>xB ; &WL/. 3e>«cc©aw 
u>xn©jb«:. ctncmLxmmmu>^m(oum^ 

fe©-C*SA^. aH^ffi{bB<»:aWU>XBi©®»f 

fflfc^ <fc'5K:^*aWU'>X)l^ML/-C*$W{* < se 

«^Bi^^>aW¥^bB*5)l*T*©iat^i(s4r 
TfrS 3 *l£C m«C©«f4<tL-CSE^S^0© 
aW^Bi^ffl^-2.C<t*5-C#. «©M*4iltR©SStt 
StA^TSC U->X©Si7l£^im*5 

[0 02 9] 3 <=»CC. afH¥«ibB4»^SW*4i L 
r-e©**a?^*-^ KISIIS*ffl^4Cii-C*5Ct 
-e©JS^tc— dffi^fir^^ F©^-fb*asc 
iAi-C^S. S/c. aW¥ffifbB#RW6ftfcC<fcicJ: 

o-c*© ^ffi^a^b^nTc^/t*. 
«:j;o-e©s{ii*s^M{c%^ 0 m&wcDmtm®. 

*$&&*>©£ ft 4. 

caa©iBf#ftUiBj] 

[Si] *^©@i*a«^B©»-l©fi^Bfiai©«BS 

«fiS*^-r mmmm r * s . 

[0 2] ( a ) - ( f ) IJ^B^oSttJi&ijSg©^ 
*ffi*ISJ«CcgiBjr S/etf>©g3|SffliJ»TBH-ca s„ 
[0 3 ] m 1 K^LfcSf*lg(§^g©^ffJ0i|©8lBSflt 
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[@6] fie^cDSftjg^atcttBsm^^-rjiiJWrMS 

[l^cDSiW] 

3 S3fc9S 3 a 8 23fcJg 

11. 2 0. 3 0. 4 0 @<*»{f!iSg 12 j§^* 



[01 ] 
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12a ihu>x 13 mm^mitm (m~<Dw-m 
itm) 

14 Jg— ©jgBJItmJI 15 h^$-> 

1 5 a Y 
1 6 SI 17 SB-©¥ig<bJS 4 1 CCD? 

42 SBj*-^Ki»fl§)i 43 mmw-im 



[02] 




[05] 




m-S?ffiW©HlS«tS£H 



